Human papillomavirus (HPV) DNA genotyping is an essential test to establish efficacy in HPV vaccine clinical trials and HPV prevalence in natural history studies. A number of HPV DNA genotyping methods have been cited in the literature, but the comparability of the outcomes from the different methods has not been well characterized. Clinically, cytology is used to establish possible HPV infection. We evaluated the sensitivity and specificity of HPV multiplex PCR assays compared to those of the testing scheme of the Hybrid Capture II (HCII) assay followed by an HPV PCR/line hybridization assay (HCII-LiPA v2). SurePath residual samples were split into two aliquots. One aliquot was subjected to HCII testing followed by DNA extraction and LiPA v2 genotyping. The second aliquot was shipped to a second laboratory, where DNA was extracted and HPV multiplex PCR testing was performed. Comparisons were evaluated for 15 HPV types common in both assays. Cervical cancer is the second most common cause of cancer death among women globally. An estimated 510,000 new cases will be diagnosed around the world this year, and 288,000 women will die from the disease (15). In developing countries, cervical cancer can be the most common cancer among women. There is a strong causal relationship between infection with human papillomavirus (HPV) and cervical cancer, as the prevalence of the virus in cervical cancers has been estimated to be as high as 99.7% (14).
Human papillomavirus (HPV) DNA genotyping is an essential test to establish efficacy in HPV vaccine clinical trials and HPV prevalence in natural history studies. A number of HPV DNA genotyping methods have been cited in the literature, but the comparability of the outcomes from the different methods has not been well characterized. Clinically, cytology is used to establish possible HPV infection. We evaluated the sensitivity and specificity of HPV multiplex PCR assays compared to those of the testing scheme of the Hybrid Capture II (HCII) assay followed by an HPV PCR/line hybridization assay (HCII-LiPA v2). SurePath residual samples were split into two aliquots. One aliquot was subjected to HCII testing followed by DNA extraction and LiPA v2 genotyping. The second aliquot was shipped to a second laboratory, where DNA was extracted and HPV multiplex PCR testing was performed. Comparisons were evaluated for 15 HPV types common in both assays. Cervical cancer is the second most common cause of cancer death among women globally. An estimated 510,000 new cases will be diagnosed around the world this year, and 288,000 women will die from the disease (15) . In developing countries, cervical cancer can be the most common cancer among women. There is a strong causal relationship between infection with human papillomavirus (HPV) and cervical cancer, as the prevalence of the virus in cervical cancers has been estimated to be as high as 99.7% (14) .
Reliable, sensitive, and accurate detection of specific HPV types is critical for the study of cervical cancer causation as well as the support of vaccine clinical trials. Several PCR-based methodologies have been developed to amplify and detect HPV DNA (1, 4, 7, 8, 9, 12, 13) . Many of these methodologies exploit the high homology found within specific open reading frames (ORFs) across different HPV types through the use of consensus or degenerate primer pairs that are capable of PCR amplifying numerous HPV types present in a sample. The resultant amplicons are detected and genotyped by utilizing HPV type-specific probes and colorimetric precipitation. While a greater number of HPV types can be detected by these methodologies, additional experimentation beyond PCR cycling is required to identify specific HPV types. Concerns arise over the increased contamination risk with postamplification experimentation and equivalent optimization between HPV types using single-amplification and single-hybridization conditions.
For efficacy determinations of the recently FDA-approved quadrivalent HPV (types 6, 11, 16, 18) L1 VLP vaccine (Gardasil; Merck & Co., Inc.) (2, 3) , highly sensitive and specific HPV multiplex PCR assays were developed (5, 10, 11) and used, which simultaneously detect the L1 and/or E6 and E7 ORFs of a specific HPV type using the ABI Prism 7700 sequence detection system instrument (Applied Biosystems, Foster City, CA). In this system, DNA is purified from multiple anogenital swab samples per patient by utilizing spin column chemistry under very stringent conditions. All samples are then screened for HPV DNA using real-time HPV multiplex PCR assays. Studies of the direct comparability of HPV multiplex PCR assays and other HPV genotyping methods will begin to clarify the HPV prevalence inconsistencies reported in the literature, teasing out potential assay testing differences from true geographical prevalence differences. In addition, comparisons between HPV genotyping and the cytological diagnosis of a sample will begin to provide insight into the limitations of the various tests.
Herein we compare real-time HPV multiplex PCR assays to a method which involves a two-step process of initial screening with the Hybrid Capture II (HCII; Digene Corp., Gaithersburg, MD) assay followed by genotyping of HCII-positive samples using the INNO-LiPA v2 assay, an HPV PCR line hybridization assay (Innogenetics, Ghent, Belgium). Cross-tabulation analysis was performed between the HPV multiplex PCR assay high-risk HPV composite and the HCII-LiPA v2 high-risk HPV composite by SurePath cytology diagnosis. A post hoc analysis was also performed to evaluate the comparability of the HPV multiplex PCR assay to the INNO-LiPA v2 assay directly.
(Data presented herein were presented in part at the 23rd Annual International Papillomavirus Conference and Clinical Workshop, Prague, Czech Republic, 1 to 7 September 2006.)
MATERIALS AND METHODS

Study population.
In the context of a population-based study of the prevalence of HPV infection, cervical cytology specimens were obtained from approximately 11,000 females aged 15 to 64 years living in the greater Copenhagen region in Denmark (6) . Samples gathered using the SurePath liquid-based cytology system (TriPath Imaging Inc., Burlington, NC) were stored at room temperature and shipped to the Department of Pathology at the Copenhagen University Hospital in Hvidovre within 1 to 2 days of sample collection. After slide preparation and diagnosis, the remaining material was sent to the Institute of Medical Virology at the University of Tübingen, Tübingen, Germany.
Specimen processing and HCII testing. Cells in liquid-based cytology medium were pelleted by centrifugation and resuspended in 0.6 ml sample transport medium (STM; Digene Corp., Gaithersburg, MD) (Fig. 1) . Subsequently, 200 l was transferred into a separate tube prefilled with 50 l STM, and the cells were stored at Ϫ20°C for multiplex PCR testing. Denaturation reagent (0.5 volumes of the total volume remaining) was added to the remaining sample and heated for 45 min at 65°C. A 75-l aliquot of the sample was used for HCII (Digene Corp., Gaithersburg, MD) testing using the HPV high-risk probe and the HPV low-risk probe cocktail with the help of the Rapid Capture system in accordance with the manufacturer's protocol. Additional controls run on each 96-well plate included 10 5 HPV-negative C33A cells and 10 5 HPV type 16 (HPV16)-positive SiHa cells (ϳ1 to 2 HPV16 copies/cell). The samples were sorted into the following groups based on the HCII result: group 1 consisted of HCII-positive samples with a relative light unit (RLU) value of Ն1.0, group 2 consisted of borderline positive samples with RLU values of Ͼ0.5 and Ͻ1.0, and group 3 consisted of ϳ1,500 to 1,600 HCII-negative samples (randomly selected).
HPV genotyping by the INNO-LiPA v2 HPV prototype research assay. DNA extraction processes and all pre-and post-PCR procedures were carried out in separate rooms and cabinets. Buffer and blank controls were always included for the extraction protocol to obtain sufficient numbers of negative controls in order to monitor contamination. The sample set was composed of HCII-defined groups 1, 2, and 3 as described above. DNA was purified from 250 l of the denatured samples remaining after HCII testing by using the MagNA Pure compact nucleic acid purification system (Roche Applied Science, Indianapolis, IN) at the Institute of Medical Virology of the University Hospital of Tübingen, Tübingen, Germany. Purified DNA was eluted in 100 l of buffer in accordance with the manufacturer's recommendations. The efficiency of DNA extraction was tested by the inclusion of 10 4 HPV16-positive SiHa cells followed by LiPA v2 testing. The INNO-LiPA v2 HPV prototype research assay is a PCR-based line hybridization assay that utilizes a cocktail of biotinylated consensus primers (SPF10) to amplify a portion of the L1 ORF of HPV types 6, 11, 16, 18, 31, 33, 34, 35, 39, 40, 42, 43, 44, 45, 51, 52, 53, 54, 56, 58, 59, 66, 68, 70, and 74 (7). Five microliters of DNA solution was used for the LiPA v2 SPF PCR assay in a final volume of 50 l using AmpliTaq Gold and 40 cycles (30 s of denaturation at 95°C followed by 45 s of annealing at 52°C and a 45-s extension step at 72°C). The PCR product was then denatured, and a 10-l aliquot was hybridized onto nitrocellulose strips onto which HPV type-specific oligonucleotides were already bound. After 60 min at 49°C, the PCR product bound to a specific probe was detected by an alkaline phosphatase-streptavidin conjugate and colorimetric detection. The reading of the hybridized strips was performed using a scanner and LiRAS prototype software (Innogenetics Inc., Ghent, Belgium). The software reports the band intensities in grey tone values of 0.1 to 1.0 and allows direct data transfer to Microsoft Excel spreadsheets.
HPV genotyping by HPV type-specific multiplex PCR assays. The 250-l samples stored at Ϫ20°C for HPV multiplex PCR testing assigned to groups 1 to 3 were sent to the Merck (West Point, PA) HPV PCR laboratory. In order to perform a head-to-head comparison of the two assay systems, efforts were made to standardize (on a cellular basis) the quantity of the starting material. Based on the HCII and Magna-Pure protocols, the University of Tübingen laboratory utilized less material than that used in the standard testing algorithm for HPV multiplex PCR testing in the quadrivalent HPV vaccine clinical trial program. In order to approximate the quantity of material used in the genotyping portion of HCII-LiPA v2 testing, samples sent to Merck Research Laboratories were diluted threefold in STM. After dilution, each sample was divided into two aliquots. The second aliquot provided a pristine aliquot with which to retest if necessary. Sample retests were always conducted using a fresh aliquot to eliminate the possibility that the sample was contaminated during initial DNA purification. DNA was purified from 200 l of one aliquot using the DNA 96 blood kit (Qiagen, Inc. For HPV type-specific multiplex PCR assays, primers and dual-labeled oligonucleotide probes were designed to specifically amplify and detect the L1, E6, and E7 ORFs of HPV types 6, 11, 16, 18, 31, 45, 52, and 58 (5, 10) and the E6 and E7 ORFs of HPV types 33, 35, 39, 51, 56, 59, and 68 (11) . The specificity and uniqueness of each primer and probe sequence were confirmed by BLAST searching of each sequence through the GenBank database (http://www.ncbi.nlm .nih.gov/BLAST/) and testing against type-and ORF-specific plasmids. The oligonucleotide fluorescent probes for the L1 loci were 5Ј labeled with 6-carboxyfluorescein, the oligonucleotide fluorescent probes for the E6 loci were 5Ј labeled with 6-carboxy-4Ј,5Ј-dichloro-2Ј,7Ј-dimethoxyfluorescein, and the oligonucleotide fluorescent probes for the E7 loci were 5Ј labeled with 5-tetrachlorofluorescein. For those types tested in the two ORF multiplex assays, the E6 locus probes were 5-tetrachloro-fluorescein labeled, and the E7 locus probes were 6-carboxyfluorescein labeled. The primer-probe sets for each HPV type were optimized in a two-step process: first, each ORF primer-probe set was optimized individually and then modified and optimized, when necessary, in the multiplex reaction. Specimen sampling, HPV type variants, and viral integration can all potentially influence the amplification potential of a given ORF. Thus, as more than one ORF was amplified per HPV type, a stringent criterion was established to ensure consistent, accurate consensus HPV multiplex result recording. The driving rule is "twice positive," demonstrating reproducible type-specific, ORFspecific detection. Twice positive was demonstrated by at least two ORF amplifications of a given HPV type in a single assay run.
The PCR mixture (50 l) consisted of 4 l sample DNA (regardless of DNA concentration), QuantiTect PCR master mix (Qiagen, Inc., Valencia, CA), uracil-DNA-glycosylase (0.5 U/reaction; Invitrogen), each fluorescent oligonucleotide probe, and the HPV type-and ORF-specific primers. The development process for the selection of the primer-probe sequences, assay optimization conditions, and performance within a 10 to 10 6 dynamic range are detailed in the patent publications for the assays (5, 10, 11). After thermal cycling and data collection, preestablished thresholds were set, and the data were exported to a Microsoft Excel workbook for analysis.
Statistical analysis. The agreement rate, McNemar P value (a measure of the imbalance in the distribution of discordant pairs), and kappa (a quantitative measure of agreement between the two assay methods with respect to sample classification) were calculated. The sensitivity of the HPV multiplex PCR assay relative to that of the HCII-LiPA v2 method is the proportion of multiplex PCR-positive samples among those which are HCII-LiPA v2 positive, and the specificity of the HPV multiplex PCR relative to that of the HCII-LiPA v2 method is the proportion of multiplex PCR-negative samples, among which are HCII-LiPA v2-negative samples. The predictive value of a positive HPV multiplex PCR result is the proportion of HCII-LiPA v2-positive samples, among which are multiplex PCR-positive samples, and the predictive value of a negative HPV multiplex PCR result is the proportion of the HCII-LiPA v2-negative samples, among which are multiplex PCR-negative samples. Similar analyses were performed post hoc by grouping all the data regardless of HCII status group and comparing HPV multiplex PCR versus INNO-LiPA v2 assay.
RESULTS
Cross-tabulation between the HPV multiplex PCR assay and the HCII-LiPA v2 assay. The common practice of HCII screening followed by type-specific genotyping of the HCIIpositive samples utilizes an HCII RLU value of Ն1.0 as the criterion for an HCII-positive sample. Samples that have an RLU value of Ͻ1.0 are not typically genotyped and are considered to be HPV negative. In keeping with this practice, individual samples that had a low-risk HCII RLU value of Ͻ1.0 were assigned a negative LiPA v2 outcome for HPV types 6 and 11, and individual samples that had a high-risk HCII RLU value of Ͻ1.0 were assigned a negative LiPA v2 outcome for HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68. For HPV multiplex assays, a prescreening assay such as HCII was not used, and all samples were tested using HPV multiplex PCR assays. The resulting cross-tabulations based on these testing algorithms are provided in Table 1 . The overall agreement between the two assay testing schemes was 95% or greater for each HPV type. For HPV types 6, 16, 18, 33, 35, 39 56, 58, and 59, a slightly higher proportion of samples tested positive by the multiplex PCR than by the HCII-LiPA v2 assay. For HPV types 6, 16, 33, 56, 58, and 59, there was evidence of an imbalance in the distribution of discordant pairs, as there were significantly more samples testing HPV multiplex PCR positive/HCII-LiPA v2 PCR negative than HPV multiplex PCR negative/HCII-LiPA v2 PCR positive. For HPV51 and HPV68, there was evidence of a statistical imbalance in the discordant pairs, with significantly more samples testing HPV multiplex PCR negative/HCII-LiPA v2 positive than the reverse. For those types in which the imbalance did not attain statistical significance, there is a suggestion of greater comparability between the assays (i.e., HPV types 18, 31, 35, 39, 45, and 52). For HPV11, there was no statistical evidence of an imbalance in the distribution of the discordant samples, although the sensitivity of the comparison was diminished due to the small percentage of samples testing positive within each method (0.7% by multiplex PCR and 0.9% by HCII-LiPA v2 assay). Sensitivity, specificity, positive predictive value, and negative predictive value (as defined above) were determined to compare the HPV multiplex PCR and HCII-LiPA v2 assay procedures (Table 1) . Overall, the sample set was largely HPV PCR negative for specific HPV types, lending greater power to the negative predictive value calculations than could be achieved from the data set for the positive predictive value. The proportion of HCII-LiPA v2-negative samples, among which were multiplex PCR-negative samples, was Ն0.975 for all types. The proportion of HCII-LiPA v2-positive samples, among which were multiplex PCR-positive samples, ranged from 0.5 to 0.842, suggesting greater comparability between the two assay testing schemes in discerning negative samples than in discerning positive samples.
Cross-tabulation between the HPV multiplex PCR assay high-risk composite and the HCII-LiPA v2 high-risk composite by SurePath diagnosis. In order to compare the assay systems with regard to overall performance, each sample was assigned a composite high-risk result. The composites were composed of results for HPV high-risk types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68. Cross-tabulations between the HPV multiplex PCR assay high-risk composite and the HCIILiPA v2 high-risk composite are provided by SurePath diagnosis in Table 2 For cytology samples diagnosed as being normal, there was evidence of a statistical imbalance in the number of discordant samples, with more samples testing multiplex PCR positive/HCII-LiPA v2 PCR negative than multiplex PCR negative/HCII-LiPA v2 PCR positive. Additionally, 53.5% of samples that were diagnosed as being normal were HPV PCR positive by one or both assays. For diagnoses of ASCUS/ LSIL-1, ASCUS/LSIL-2, and HSIL, there was no statistical evidence of an imbalance in the numbers of discordant samples between the HCII-LiPA v2 and the multiplex PCR assays, although the sensitivity of these comparisons was reduced, as there were far fewer samples receiving these diagnoses than having a diagnosis of normal.
Post hoc analysis: cross-tabulation of HPV multiplex PCR versus INNO-LiPA v2 assays. Specimens belonging to groups 1 to 3 (group 1, HCII-positive samples with an RLU value of Ն1.0; group 2, borderline positive samples with RLU values of Ͼ0.5 and Ͻ1.0; and group 3, ϳ1,500 to 1,600 HCII-negative samples) were evaluated by the INNO-LiPA v2 PCR assay and by HPV multiplex PCR assays. Results were analyzed regardless of group and/or HCII screening results (Table 3) . While there was generally good agreement between the two PCRbased assays, as reflected by a kappa coefficient of Ͼ0.5 for all types except HPV11 and HPV68, there was evidence of a statistical imbalance in the number of discordant samples, with more samples that were determined to be multiplex PCR negative/INNO-LiPA v2 PCR positive than multiplex PCR positive/INNO-LiPA v2 negative for HPV types 6, 11, 18, 31, 33, 35, 39, 45, 51, 52, and 68. Additionally, a similar statistically significant but reverse imbalance was observed for HPV types 58 and 59. For HPV16 and HPV56, the imbalance did not attain statistical significance, suggesting a greater comparability between the assays for those types.
Sensitivity, specificity, positive predictive value, and negative predictive value (as defined above) were determined to compare the HPV multiplex PCR and INNO-LiPA v2 assay testing paradigms (Table 3) . Overall, the sample set was largely HPV PCR negative for specific HPV types, lending greater power to the negative predictive value calculations than could be achieved from the data set for the positive predictive value. In contrast to that seen for the two test scheme, comparison of HCII followed by LiPA v2 with multiplex PCR assays (Table  1) , in the post hoc direct comparison of INNO-LiPA v2 with the multiplex PCR assay (Table 3) , the proportion of INNOLiPA v2-negative samples among the multiplex PCR-negative samples was slightly reduced, and the proportion of INNOLiPA v2-positive samples among the multiplex PCR-positive samples was slightly increased. The data set was also found to contain a very low percentage, ϳ2%, of HPV11 PCR-positive samples, which decreased the power of the overall sensitivity calculation for HPV11.
Post hoc analysis: cross-tabulation between the HPV multiplex PCR assay high-risk composite and the INNO-LiPA v2 high-risk composite by SurePath diagnosis. Cross-tabulations .8% of samples that were diagnosed as being normal were HPV PCR positive by one or both assays. For diagnoses of ASCUS/LSIL-1, ASCUS/LSIL-2, and HSIL, there was no statistical evidence of an imbalance in the number of discordant samples between the INNO-LiPA v2 and multiplex PCR assays, although the sensitivity of these comparisons was reduced relative to that for the normal-diagnosis set, as there were far fewer samples receiving these diagnoses than having a diagnosis of normal. By contrasting the composite cross-tabulation results of the two tests, HCII followed by LiPA v2 in comparison with the multiplex PCR assays (Table 2) , with the composite crosstabulation results of the post hoc direct INNO-LiPA v2 analysis comparison with the multiplex PCR assays (Table 4) , it appears that the most notable difference is in the agreement of normal samples determined by SurePath (87.1% [ Table 2 ] versus 85.7% [ Table 4 ]). For the other diagnoses, the agreement between the assays increased, which was a direct reflection of HCII-LiPA v2-negative/multiplex PCR-positive samples becoming INNO-LiPA v2 positive/multiplex PCR positive. The decrease in the agreement of the normal samples determined by SurePath was driven by a large number of doublenegative samples (Table 2) becoming INNO-LiPA v2 positive/ multiplex PCR negative (Table 4) .
HPV genotype-positive clinical samples assigned based upon testing scheme and clinical assay. The total numbers of HPV-positive samples determined by the two-test scheme of the HCII-LiPA v2 assay, the single L1 ORF PCR INNO-LiPA v2 assay, and the multiple-ORF HPV real-time PCR assay are presented in Table 5 . As the multiplex PCR assay requires a twice-positive demonstration, the HPV multiplex PCR-positive samples have also been stratified by positive E6, E7, or L1 ORFs, and the percentages of the total positives are also presented for each ORF. Overall, the majority of samples were ) compared with those of the other ORFs, illustrating the difficulty in the equal optimization of multiple, simultaneous PCR amplifications to detect all variants of a specific HPV type under conditions of potentially low copy numbers.
DISCUSSION
The comparisons described herein examine the results of genotype testing by real-time HPV multiplex PCR assays and a method which involves a two-test process of initial screening by HCII followed by genotyping of the HCII-positive samples using an HPV PCR line hybridization assay, the INNO-LiPA v2 assay. Comparisons were drawn for HPV types common to both assays: types 6, 11, 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68. Cross-tabulation analysis was performed by using a composite of the HPV high-risk type results for the two testing schemes stratified by SurePath cytology diagnosis. The evaluation utilized SurePath residual specimens from a cohort of Denmark women who were sampled to assess the prevalence of HPV infection. To this end, the comparisons were made based upon specimens with unknown outcomes; aside from the controls in the assays, there were no known positive samples or known negative samples analyzed; the results of the testing methods were therefore analyzed relative to each other.
The assays were performed under stringent conditions, which included separate laboratories for reagent preparation, sample DNA isolation, and thermal cycling. To ensure the accuracy and consensus from the multiple-ORF testing by HPV multiplex PCR, stringent criteria governing the acceptance of a PCR result were established. Provided that the controls were within specification, if at least two HPV ORFs were amplified (any combination of E6, E7, or L1), the sample result was positive for a given HPV type.
The multiplex PCR assays and the two-test process composed of the HCII-LiPA v2 assays have the advantage of providing confidence in the outcome, as both assays embrace a "twice-positive" approach. Reproducibility, whether it is demonstrated by amplification of multiple ORF targets or by HPV DNA by two hybridization methods, provides greater precision in the recorded outcome. The specificity and predictive values of a negative result were extremely high when these two genotype assay schemes were compared (Ն0.96 for all HPV types evaluated) (Table 1) , and thus, the expected false-negative rate would be predicted to be extremely low. The overall agreement was Ͼ95.5%. There was some discordance, with more samples testing positive by HPV multiplex PCR for HPV types 6, 16, 33, 56, 58, and 59 and more samples testing positive by the HCII-LiPA v2 assay for HPV types 51 and 68. The requirement that more than one HPV type-specific ORF needed to be amplified in order to designate a sample as being HPV typespecific multiplex PCR positive provided a high level of confidence that the sample was truly HPV positive for a specific HPV type. Additionally, amplification of the E6 and E7 ORFs increases the sensitivity of the detection in that viral integration can lead to a disruption in the L1 ORF. The type-and ORF-specific primers and probes ensure the accuracy of the type-specific result. Although the normal real-time HPV multiplex PCR assay algorithm for the quadrivalent HPV vaccine program utilizes more starting material, the protocol was adjusted for this study to approximate a similar quantity of input material used, based upon cell suspension input volume. As run, HPV types 11, 18, 31, 33, 39, 45, and 52 were statistically comparable between the assays.
The post hoc analysis comparing the HPV multiplex PCR assay directly with the INNO-LiPA v2 assay presented somewhat different results. The INNO-LiPA v2 assay is a consensusprimer PCR-based assay that gains specificity through postamplification hybridization. A portion of the single ORF L1 was amplified and assayed one time. Thus, in this testing approach, the HPV result stems from a single evaluation of a single HPV ORF. Relative to the comparison between HPV multiplex PCR and the HCII-LiPA v2 two-test process, the HPV multiplex PCR versus the INNO-LiPA v2 assay had reduced predictive values of negative results across all types (Table 3) and reduced overall agreement, and only HPV16 and HPV56 were shown to be statistically comparable between the assays.
Stratifying the composite high-risk results relative to the SurePath diagnosis (Tables 2 and 4 The agreement with the HPV multiplex PCR assays, however, decreased in the post hoc analysis with the INNO-LiPA v2 assay compared to the HCII-LiPA v2 assay in the cases of a normal diagnosis, with the discordance flipping to more multiplex PCR-negative/INNO-LiPA v2-positive than multiplex PCR-positive/HCII-LiPA v2-negative results. In other words, in the SurePath normal-diagnosis set, removing the HCII sensitivity limitation in the post hoc multiplex PCR versus INNOLiPA v2 analysis showed an overall increase in the number of INNO-LiPA v2-positive samples. There was better agreement in the number of multiplex PCR-positive/INNO-LiPA v2 positive results than with the HCII-LiPA v2 test. The difficulty that appears to have arisen is that in gaining greater sensitivity by direct INNO-LiPA v2 testing, the specificity measurement was inversely affected. A substantial increase in numbers of multiplex PCR-negative/INNO-LiPA v2-positive samples was seen, which decreased the agreement in assigning a negative result.
Overall, there is good agreement (kappa of Ͼ0.5) and high sensitivity and specificity between the HPV multiplex PCR and either the HCII-LiPA v2 or INNO-LiPA v2 testing paradigms for the presence of HPV DNA in clinical specimens. The sensitivity of the INNO-LiPA v2 assay appears to be greater than that of the HCII assay, and thus, in the two-test process consisting of HCII-LiPA v2, the sensitivity in identifying positive samples is slightly reduced by the HCII sensitivity limitations. There is a greater range of variability in the sensitivity measures depending upon the HPV type examined. This increased range of variability was likely influenced by the overall prevalence of a given HPV type in the sample set. As the overall specimen volume for HPV multiplex PCR assay testing was modified based upon cell suspension to approximate the final input into the LiPA v2 strip hybridization assay, it is possible that if conducted with the optimal sample input, the HPV multiplex PCR assay may gain in sensitivity across all HPV types tested. The greatest discordance between the assays appears to be in the ability to distinguish negative samples. The "twice-positive" approaches in two-test (HCII-LiPA v2) and HPV multiplex PCR assays (two ORFs) had greater agreement than the INNO-LiPA v2 assay versus HPV multiplex PCR assays. Because of the confidence gained from demonstrating the presence of HPV DNA twice and likewise testing twice (two tests or two ORFs) versus one time (one ORF), demonstrating that HPV DNA was not found, the data presented in this study suggest that the INNO-LiPA v2 assay might have a slightly lower specificity than the multiplex PCR assays and the HCII-LiPA v2 two-test process.
Stratifying the data by SurePath cytology diagnosis provided a glimpse into the detection limitation of cytology diagnoses. The results of both PCR testing paradigms compared to the SurePath cytology diagnosis revealed that 53% and 59% of cytologically normal samples were found to be PCR positive. This suggests that many latent HPV infections with no apparent underlying disease, which would otherwise not be diagnosed, are detectable with highly sensitive PCR methods.
The twice-positive algorithm, when applied to either HPV multiplex PCR or the HCII-LiPA v2 testing paradigm, provided confidence in the results via the reproducibility of the HPV DNA detection result. The assays were more comparable when both assays utilized the twice-positive algorithm (HCIILiPA v2 and HPV multiplex PCR) than when one of the assays used only a one-time, one-ORF algorithm (INNO-LiPA v2). The HPV multiplex PCR and the HCII-LiPA v2 HPV genotyping PCR assays are, by and large, comparable and provide highly sensitive and specific HPV DNA genotype detection. Future studies comparing the HPV genotyping assays under performance-optimized conditions and accessing known positive and known negative samples will enhance our understanding of the comparabilities and limitations of HPV multiplex PCR assays and the HCII and INNO-LiPA v2 assays in accurately identifying type-specific HPV DNA within a sample.
